Protein electrophoresis in pathological biochemistry
Tsugikazu Komoda
The first half of this session was introduced by the author and Dr. Jose Luis Millan. Jose reported that cytochrome Ct is a good tumor marker for more than 36 testis-specific genes. Using DDRT-PCR, his group has identified and cloned two novel transcripts that are expressed differentially in in-situ carcinomas and seminomas of the testis. They also reported that LDH-C or cytochrome Ct knockout mice exhibit fertility problems as a result of poor sperm motility and spermatogenesis.
Moreover, cytochrome Ct knockout mice exhibit apoptosis during sperm development, resulting in further fertility problems. Next, Van Hoof reviewed the relationship between bone turnover disorders and bone alkaline phosphatase.
For example, skeletal alkaline phosphatase is anchored to the osteoblast membrane via a specific glycanphosphatidylinositol (GPI). Total alkaline phosphatase activity gradually decreases from 41 units/l on day 3 to 26units/l on day 88. Mineral deposits can be found after the third week. Mineralization is well organized and restricted to mineralizing nodules and collagen fibers. Bone matrix vesicles can be found in active bone forming tissues and are thought to be involved in the mineralization process by providing a favourable microenvironment for the formation of hydroxyapatite.
The expression of bone alkaline phosphatase on the surface of bone matrix vesicles is approximately 20 times higher than on the surface of osteoblasts, and bone alkaline phosphatase may play a crucial role in the initiation of mineralization through its phospho-transferase activity.
Her group isolated bone matrix vesicles from primary human osteoblast cultures using a monoclonal antibody. The resulting bone matrix vesicles could hydrolyze pyridoxal phosphate as a physiological substrate.
In a related study by other workers, high levels of pyridoxal phosphate were detected in knockout mice. Dr. Van Hoof thus concluded that bone alkaline phosphatase appears not to be essential for the initial events leading to bone mineral deposition, but bone matrix vesicles containing bone alkaline phosphatase may play a significant role in physiological mineralization after birth. Dr. Koyama et al. has reported that patients with diabetes mellitus exhibit a lower level of serum alkaline phosphatase activity.
This low level of activity might result from the selective disappearance or degradation of circulating bone alkaline phosphatase molecules. The author's group therefore investigated the in vitro effects of glycation on the activity of five alkaline phosphatase isozymes.
Aseptic incubation of the alkaline phosphatases with 25mM/l of D-glucose resulted in a rapid reduction of bone and placental enzyme activities compared to that of liver, kidney, and intestinal enzymes.
Aminophenylboronic acid affinity chromatography clearly showed that the resulting bone and placental enzyme molecules were glycated.
Furthermore, it is revealed that the placental and bone enzyme molecules were initially glycated at a similar conformational position as Lys390 in bone enzymes and Lys385 for placental enzymes.
Then the resulting generated reactive oxygen reacted to the site of cleavage: Ala155 in bone enzymes and Ala154 in placental enzymes. The site of cleavage is also conformationally close to the active center as Ser93 in both bone and placental enzymes.
A low level of bone alkaline phosphatase activity is also found in the spontaneously diabetic BB Wistar strain.
Since the glycation of certain proteins causes the generation of reactive oxygen species, the effects of these reactive oxygen species on both alkaline phosphatase activities were assayed. The results indicated that the specific cleavage of the two enzymes when incubated with D-glucose can be inhibited by the addition of catalase.
This suggests that hydroxyl radicals might play a major role in the specific cleavage of alkaline phosphatase molecules.
The remainder of the session was introduced by Dr. Keiichiroh Suzuki and Dr. Viviane Van Hoof. First, Dr. Kondo discussed the effects of shear stress on glomerular hypertension.
His group examined whether stretch and relaxation (S/R) could induce tyrosine phosphorylation of the tyrosine kinase P125FAK and its substrate, paxillin, which is related to focal adhesion. They also investigated the effect of phosphorylation on the signal transduction pathway. Rat glomerular mesangial cells (MC) were exposed to various time periods, and the tyrosine phosphorylated proteins were immunoprecipitated with anti-phosphotyrosine antibodies. The immunoblots were then probed with anti-P125FAK and anti-paxillin antibodies. S/R induced tyrosine phosphorylation of P125FAx and paxillin within 1 minute and reached a peak at 10 minutes.
The paxillin induced tyrosine phosphorylation was inhibited by cytochalasin D, but not by G-RGD-TP.
This suggests that stress filaments play a role in S/R-induced tyrosine phosphorylation, but that integrins do not. Further, the protein kinase C inhibitor blocked the tyrosine phosphorylation of paxillin. His group also examined the relative importance of extra-cellular and intra-cellular calcium release. They found that the phospholipase C inhibitor reduced S/R-induced tyrosine phosphorylation.
A role for intracellular calcium was further indicated by the inhibition of S/R induced tyrosine phosphorylation by an intracellular calcium chelator. In contrast, the extracellular calcium chelator did not inhibit the tyrosine phosphorylation of paxillin. Furthermore, a calcium channel blocker that purportedly blocks stretch-activated channels did not prevent S/R-induced tyrosine phosphorylation in paxillin. Thus, mechanical deformation in MC induces the rapid tyrosine phosphorylation of paxillin. The activation of P125FAK requires an intact cytoskeleton and is protein kinase C and calcium-dependent.
Dr. Kondo concluded that the S/ R-induced release of calcium from intracellular stores may mediate the calcium-dependent activation of P125FAK.
Next, Dr. Suzuki described how fructose is a better oxidant than glucose in the formation of advanced glycation end-products (AGE). He reported that lens crystallin is the best protein for studies on the formation of AGE.
On a different topic, reactive oxygen species (ROS) have been reported to cause DNA damage and mutations. The production of ROS, including nitric oxide (NO), is believed to play an important role in many pathogenic conditions, including inflammation, diabetes mellitus and aging. His group demonstrated that both exogenously added NO and endogenously interleukin-1 generated NO induced apoptosis in isolated pancreatic islet cells as well as HIT cells isolated from pancreatic beta-cell tumor-derived cells. In diabetic conditions, reducing sugars increased intracellular peroxide levels and induced apoptosis in the pancreatic beta-cells. The apoptosis was characterized by internucleosomal DNA cleavage. In inflammatory processes, ROS and NO are produced by the stimulation by cytokines. Furthermore, the major scavenging enzymes, such as SODS and glutathione peroxidase, are inactivated by ROS and NO generated within the cells. Dr. Suzuki concluded that oxidative stress, meaning an imbalance between the production of ROS and cellular defence, induces apoptosis in several cell types and can cause a variety of pathophysiological changes in certain tissues. The author thought that all papers of this session are stimulative and encouraging for the audience.
Electrophoresis in genetics and forensic analysis Naofumi Yoshioka
In this session, we had four speakers from Japan, Germany, U.S.A. and France. Two of them have been working on forensic genetics for a long time and the other two have been doing on structure and function of blood group antigens.
Dr. Suzuki, K. who was the first speaker, presented a paper entitled "Nucleotide changes underlying genetic polymorphisms of protein in serum and blood cells". His research group had defined the molecular basis of the coagulation factor XIII A subunit polymorphisms, in which the major four alleles involved by two sets of point mutations followed by an intragenic recombination. The nucleotide changes of various serum polymorphic proteins were clarified, he reviewed the molecular basis of polymorphic proteins.
Next speaker was Dr. Burkhard Rolf from Germany, he presented a paper on STR in paternity testing entitled "Sequence and length polymorphism at the ACTBP2 STR locus".
He had studied the polymorphism of ACTBP2 locus using native gel electrophoresis as well as denaturing gel and capillary electrophoresis. Sequencing of more than 200 alleles of this locus revealed length variability due the variable number of AAAG repeats. He demonstrated data on the influence of the DNA sequence on the electrophoretic behavior of the PCR amplicons of this locus under different electrophoretic conditions with respect to sizing precision and reproducibility. He observed 21 mutation events that changed the allele length in 300 parent-child transfers of alleles at this locus. He discussed the influence of the allele length and sequence on the mutation rate.
The third speaker was Dr. Yamamoto, F. from U.S. A. He is a famous for succeeding the cloning of human ABO gene which contribute in forensic genetics. He had been investigating the molecular genetic basis of the ABO system since the cloning of human A transferase cDNA. He reported that structural analyses of three major alleles and several minor subgroup alleles identified possible mutations that seemed to affect enzyme specificity and/or activity.
Some of these mutations were confirmed to be responsible for the altered specificity and/or decreased activity by functional analyses.
He concluded that based on the nucleotide sequence information, it was now possible to genotype the individuals at the ABO locus.
Last speaker was Dr. Jean P. Cartron from France, he is also famous scientist on his research of red cell membrane, especially blood group antigens. He spoke on "Structure properties and biological functions of human blood group antigens".
He introduced us that recent advances in biochemistry and molecular genetics had contributed to establishing the structure of the genes and proteins from most of the 25 blood group systems. And on the basis of available information, the blood group antigens were tentatively classified in to five functional categories; (1) transporters and channels, (2) receptor for exogenous ligands, viruses, bacteria and parasites, (3) adhesion molecules, (4) enzymes and, (5) Electrophoresis now Kazuhisa Taketa* and Stellan Hjerten** Lecture Session 2 was a plenary session on "Electrophoresis now" with four presentations out of five scheduled ones as the second paper "Particle electrophoresis for quality assurance and process control in biotechnology, diagnostics and pharmaceutics" by G. V. F. Seaman from USA was canceled.
The first presentation by S. Hjerten from Sweden was on the title of "In pursuit of the perfect electrochromatographic medium".
In pursuing the ideal medium for capillary electrochromatography, he showed theoretical models based on calculation as well as on experimental results. Continuous beds were suggested as candidates since they are perfectly homogeneous and have narrower flow channels. The importance of having idea in his experimental design, was stressed by him giving us some phrases, such as "Team work divides the task and doubles the success" or "We must find a way or make one".
The presentation by C.-H. Brogren was on "Newer genotyping methods-from hand made gels to automated capillary systems", showing the change from slab-gel techniques to capillary systems, which are automated and perform genotyping without use of restriction enzyme. Results were compared with those of denaturing gradient and restriction fragment analysis. Particularly, multi-channel liquid gel-filled capillaries have a wide application to DNA separation by size and melting point, allowing to open up a new area of automated technique for genotyping.
In presentation by K. Williams under the title of "Current status of proteome research", tissue solubilization techniques and narrow range isoelectric focusing gradients were shown as basis for two dimensional gel electrophoresis.
By combining the array technology with robotic systems and automated data analysis program, a possibility of data generation on hundreds of protein in a single day with one instrument was shown. Rationale of differential extraction to prepare starting protein samples was discussed.
Post-translational modifications are the future problems to be discussed further.
The final presentation by N. Taniguchi on "Glycosyltransferase genes: regulation and expression" was a topic related to the modification of proteins. Genes for N-acetylglucosaminyltransf erases (GnT) III and V and alpha 1-6 fucosyltransferase (alpha-1-6 FucT) were cloned and their functions were analyzed by transfections;
namely, the suppression of experimental lung metastasis in rats by GnT-III and of liver metastasis in mice by alpha-1-6 FucT gene transfection.
The results were discussed in comparison with their products in circulating blood in human. Potential use of GnT-III gene transfection for xenotransplantation in reducing the susceptibility of swine endothelial cells to human serum in complement mediated cell lysis.
Although the four presentations dealt with different topics, they showed facets of current status of electrophoretic analyses linked to future development. ** Stellan Hjerten; University of Uppsala, Sweden. Five papers are presented on recent advances in capillary electrophoresis (CE) including from fundamental to application studies. Although CE is not a major field in this conference, the papers presented in this session attracted many interests of the audience, showing wide potential of the technique. CE is becoming popular even among the participants in the conference who are mostly using gel electrophoresis as an analytical tool in their research. In fact, 38 papers are presented in poster session on CE. The present review tries to introduce the papers presented in lecture session 11.
First speaker of this session was Professor Wolfgang Thormann of University of Bern, Switzerland. Professor Thormann is one of the pioneers in application of CE techniques to clinical analysis, although he is also known in the field of theoretical study of electrophoresis. A book "The Dynamics of Electrophoresis" coauthored by R. A. Mosher, D. A. Saville (VCH, Weinheim, 1992) is a good example showing his wide ability. In his lecture entitled "Capillary Electrophoresis in Clinical Analysis", he first listed the advantages of CE as automation, small sample size, minimal sample preparation, consumption of small amounts of organic solvents, ease of buffer change and method development, as well as speed of analysis. These advantages are to be taken in clinical analysis. Key area of application of CE in clinical analysis, he lists, (1) analysis of proteins in serum and urine, (2) determination of oligonucleotides including mutation analysis, (3) analysis of small endogeneous molecules and ions in biofluids and tissue extracts, e.g., to find metabolic disorders, and (4) monitoring of drugs. He selected a few topics in clinical applications of CE among wide areas of his research. For example, analysis of serum protein is usually performed with cellulose acetate electrophoresis or agarose gel electrophoresis but capillary zone electrophoresis (CZE) can do the same or better resolution in 90s. Dr. Thormann showed an excellent example of application of CZE to diagnosis of metabolic disease by introducing a published work [Elgstoen KBP, Jellum E. Electrophoresis 1997; 18: 1857-60]. CE with diode-array detector was very powerful for the analysis of vanilylmandelic acid and homovanillic acid in urine from a patient suffering from neuroblastoma. Although the sensitivity is not enough for the detection of these acids in normal urine, the concentrations of these acids in patient urine are high enough to detect.
He also showed how biomedical samples could be treated before injection for therapeutic drug monitoring.
For the alalysis of lamotrigine in serum or plasma, first proteins were precipitated by adding acetonitrile, and acidified supernatant can be injected into a 130mM acetate buffer (pH 4.8). For the analysis of drugs of abuse in urine, barbiturates and opioids were separated by the use of solid phase extraction (Bond Elute). Stereoselecive separations of drug metabolites of methadone and EDDP (2-ethylidene-1, 5-dimethy 1-3, 3-diphenylpyrolidine) were successful by the use of hydroxypropylcyclodextrin as an additive to the CZE running buffer. Dr. Thormann's lecture was very impressive in terms of the development of CE techniques in various field of clinical analysis and the results presented showed clearly the advantages of CE techniques in clinical analysis.
The second speaker was Professor Kiyohito Shimura of Faculty of Pharmaceutical Sciences, Teikyo University and the title of his talk was "Fluorescence-labeled Peptide pI Markers for Capillary Isoelectric Focusing with Fluorescence Detection-Labeling at a Cysteine Residue". Dr. Shimura's talk concerned his series of work on the development of the pI marker for capillary isoelectric focusing (cIEF), which can be a highly sensitive separation technique for proteins and peptides because of focusing effect. Proteins or peptides labeled with a fluorescent dye can be detected by using laserinduced fluorescence (LIF) down to a level of several pM ranges even with a simple on-capillary detector. However, to take advantages of the high sensitive LIF technique, fluorescent pI markers are needed to calibrate the pH gradient formed in a capillary. Previously they reported fluorescence-labled peptides as pI markers in which a tetramethylrhodamine dye was attached at the N-terminal amino group of peptides [Shimura K, Kasai K. Electrophoresis 1995; 16: 1479-84] . In this conference, Dr. Shimura introduced another set of fluorescence-labeled peptide pI markers that cover a wider pH range. To be focused well, peptides should have an ionic group or groups of which pKa values are not too far from its pI. From pH 7 to 9, the only ionic group that ionizes is the N-terminal amino group of peptides. Their strategy for the development of new series of pI makers is to utilize a cysteine residue for the sake of selective labeling of peptides by tetramethylrhodamine iodoacetamide and the Nterminal amino group was saved to improve the focusing property in the weakly alkaline pH range, although the thiol group of cysteine also has a pKa value in this pH range but its susceptibility to oxidation is unfavorable to use as an ionizing group of pI markers. Even duplication or triplication of N-terminal amino group, residues, was necessary for pI markers for the pH range 8 to 9. The pI values of the labeled peptides were precisely determined by the pH determination of the fluorescent bands after focusing in a polyacrylamide slab IEF gel. The new set of the fluorescent pI markers covers a pH range of 3.64 to 10.15 with the largest interval of 0.7 pH unit.
The set of fluorescent pI markers was utilized to locate roughly the origin of charge heterogeneity of a protein in its primary structure. The protein, of which molecular mass was calculated to be 28kD from its sequence, was labeled with tetramethylrhodamine iodoacetamide at a free thiol group of a cysteine residue near the C-terminus. The disulfides of the protein were reduced and alkylated with iodoacetamide.
The alkylated polypeptide also showed the same type of charge heterogeneity as was observed for the intact labeled protein.
The polypeptide was subjected to partial CNBr degradation and the fluorescent fragments, which were different in size but had the same C-terminus, were separated by SDS gel electrophoresis. Three fluorescent fragments were obtained as it was expected from the sequence. Each fragment was isolated and then analyzed by cIEF with fluorescence detection. The charge heterogeneity was observed in all the three peptides, indicating the localization of the heterogeneity in the C-terminal fragment of 8.9kD. The pI value determined for each fragment by using the pI markers agreed with the calculated value from the sequence within a difference of 0.1pH unit. This agreement supports the validity of the analysis. Identification of the exact orgin of the heterogeneity in the fragment is in progress.
Dr. Shimura's presentation clearly showed that these markers should facilitate the use of cIEF with fluorescence detection as an ultra sensitive separation method based on a predictable property of peptides and proteint from sequence data.
The third speaker of this session was Professor Robert T. Kennedy from University of Florida, USA and he talked on "Aptamer and Antibodies as Ligands in High-Speed Assays by Capillary Electrophoresis". Dr. Kennedy has been mainly working in the field of highspeed analysis by CE and its application to biomedical analysis. In this talk, he presented their recent advances in high-speed immunoassay by CE. According to him, immunoassay by CE has several advantages over conventional immunoassay: small amount of samples required, reduced consumption of reagents such as antibodies or enzymes, increased mass sensitivity (detection limits of 10zmol), and increased analysis speed (<1s). In noncompetitive assay, so called affinity probe CE, an excess of labeled antibody (or antibody fragment) is added to sample solution and is used to determine sample antigen (Ag). Labeled antibody (Ab*) and antibody-antigen complex (Ag-Ab*) are separated by CE and two zones are detected by LIF. In this format, the Ag-Ab* must be stable on the time scale of separation but this condition is usally fulfilled. Competitive immunoassays utilize a competition between labeled antigen (Ag*) (tracer) and Ag to bind antibody (Ab) in order to determine Ag in sample. To perform the assay, a limiting amount of Ab is mixed with sample containing Ag and a fixed concentration of Ag*. After incubation, Ag* and Ag*-Ab complex are separated by CE and quantitated. Incubation time should be shorter in noncompetitive assay than in competitive and the former has larger linear dynamic ranges than the latter. Another advantage of noncompetitive method can distinguish cross-reactive forms of antigen. On the other hand, the separation between Ab* and Ab*-Ag is difficult for small and/or uncharged antigen, while the separation between Ag* and Ag*-Ab is straightforward. The uniform labeling of antibody can be difficult. Dr. Kennedy constructed an automated on-line competitive immunoassay based on CE and the system was utilized to monitor secretion of insulin from single islets of Langerhans stimulated by glucose and tolbutamide. In his instrument, fluorescein isothiocyanate-labeled insulin (FITC-insulin), monoclonal anti-insulin and perifusate of single islets were mixed on-line. The islets were exposed to different concentration of glucose and tolbutamide and insulin released from single islets was quantitated by competitive immunoassay using FITCinsulin. The bound and the free FITC-insulin were separated by CE every 3s and thus pattern of insulin secretion stimulated by glucose and tolbutamide was obtained. His on-line competitive immunoassay system provided a fast and direct way to measure insulin release from single islets [Tao L, Aspinwall CA, Kennedy RT. Electrophoresis 1998; 19: 403-8] . Dr. Kennedy also discussed the possible application of aptamers as ligands in affinity probe (noncompetitive immunoassay) capillary electrophoresis for the quantitation of IgE. In this technique a DNA aptamer against IgE labeled with fluorophore was used as a selective fluorescent tag for determining IgE by CE with LIF. The free labeled aptamer and the bound labeled aptamer were separated in 60s, giving the detection limits of 46pM and linear dynamic range of 105 [German I, Buchanan GG, Kennedy RT. Anal Chem 1998; 70: 4540-5] . His work is always innovative and challenging, and it is not always easy for practical analytical chemists or clinical chemists to utilize his techniques. However, in near future, these techniques will be easily available with commercial instruments.
The fourth speaker of this session was the author and the title of his talk was "Improvement of Detection Sensitivity in Micellar Electrokinetic Chromatography". Micellar electrokinetic chromatography (MEKC) as well as CZE suffers from low concentration sensitivity due to low sample volume and limited pathlength for on-capillary photometric detection. He presented online concentration by simple manipulation of sample and background solution constituents without alteration of MEKC instrumentation, which were sample stacking and sweeping. These focusing techniques provided from 10 to more than 5000-fold improvement of detector response. The enhancements are equivalent to 1-3 orders of magnitude improvement in limit of detection. They are simple and are easily transferable technologies. Moreover, he gave theoretical considerations with some experimental studies, which have significantly contributed advance in understanding focusing phenomena in electrokinetic chromatography. More details of his talk are to be presented as a minireview in this issue and those who are interested in his topic are recommended to refer to his mini-review.
The last speaker of this session was Professor Takeshi Hirokawa of Faculty of Engineering, Hiroshima University and the title of his talk was "CZE Electropherogram with Effective Mobility Axis and its Analytical Utility (II)". Although chromatography is widely utilized, it is behind the other analytical methods from the viewpoint of the standardization of the data. This is because usual chromatograms are strongly dependent on the used hardware. CE method is not either the exception: The obtained electropherograms are also dependent on the hardware such as capillary length, capillary inner surface, applied voltage, and thermostatting capacity etc, even if the same background electrolyte and the same sample is used. Professor Hirokawa's group have developed a new conversion method of the time-based electropherograms of CZE into the mobilitybased ones by removing contribution of electroosmotic flow: The temperature rise caused by Joule heating was corrected with the migration behavior of internal standards of which theoretical effective mobilities at reference temperature were available. The developed conversion method also contained correction for the delay of migration time caused by relaxation of the potential gradient at sample plug which was found by their numerical simulation of CE process: A zone with very high potential gradient was formed at the boundary between the sample plug and the background electrolyte in the initial stage of migration, and the potential gradient of the transient zone decreased gradually during the course of the migration. This suggested the potential gradient of the background electrolyte was much lower than the averaged potential gradient (applied voltage/length of the separation tube). Consequently the migration velocity of the sample in the initial stage of migration was much smaller than expected from the averaged potential gradient causing the delay of migration time. Taking into account the temperature rise and the above delay, they have developed two convenient conversion methods to obtain electropherograms with effective mobility axis (1. hypothetical time-dependent electroosmotic flow method and 2. temperature-coefficient method). Dr. Hirokawa summarized theoretical background of these conversion methods and demonstrated the analytical utility in CZE analysis of rare-earth samples. The developed conversion methods enabled direct comparison of electropherograms obtained by using different apparatuses operated under different migration voltages. Besides the use for such data standardization, the electropherograms with effective mobility axis were useful to increase analytical accuracy:
By excluding hardware-depending factors, accurate qualitative and quantitative analysis could be made for rare-earth samples. One calibration line for an ion could be used even for different apparatuses. Although his work is very fundamental and useful, the method proposed is not easy for the practical analytical chemists to use immediately. Therefore, I hope the method incorporated into the CE instrument will be available soon.
The papers presented in this session showed state of the art in CE techniques.
I hope every paper in this session gave those who were interested in CE techniques some ideas to utilize CE in their own fields.
